This paper examines stock market comovements between China and Hong Kong. The integration test results confirm that a substantial number of A-share and H-share stocks began to co-integrate after the launch of the Shanghai-Hong Kong Stock Connection Scheme 1 and the Shenzhen-Hong Kong Stock Connection Scheme 2 , which demonstrates the effects of the two schemes in promoting financial integration and cross-border capital flows.
Introduction
The landscape of the A-share stock market has changed tremendously since it was established in 1991. As of September 2017, there were 1342 and 2044 1 Shanghai-Hong Kong Stock Connection Scheme is an investment scheme that connects the Shanghai Stock Exchange and the Stock Exchange of Hong Kong.
2 Shenzhen-Hong Kong Stock Connection Scheme is an investment scheme that connects the Shenzhen Stock Exchange and the Stock Exchange of Hong Kong.
companies listed on the Shanghai Stock Exchange and Shenzhen Stock Exchange respectively, with a market capitalization of 32.97 trillion and 24.15 trillion RMB -5211 times the market capitalization in 1991. Rapid growth in the domestic market has exposed the demand for greater financial openness. Compared with developed capital markets, the Chinese stock exchanges still have significant room for capital internationalization and cross-border investment. A close channel and adjacent offshore capital center is the Hong Kong market. Indeed, an ensemble of companies choose an equity structure comprised of A-and H-shares. As of July 2015, 190 companies have issued both A-and H-shares, according to the China Securities Regulatory Commission (CSRC).
A number of researchers have examined the co-movement of A-and H-shares. Among them, Su et al. (2007) , Chong and Su (2006) investigated the existence of co-movements between A-and H-shares after the launch of the Qualified Foreign Institutional Investors (QFII) scheme and the Closer Economic Partnership Arrangement (CEPA), implemented respectively on June 27, 2003 and January 1, 2004. They found that stocks became more cointegrated after the QFII and CEPA were implemented. In recent years, as the two economies found it necessary to further expand the market, the Shanghai-Hong Kong Stock Connect Scheme and Shenzhen-Hong Kong Stock Connect Scheme were launched respectively on November 17, 2014 and December 5, 2016. The two schemes allow the flow of northbound and southbound investment, within a quota, between the mainland stock exchanges and the Stock Exchange of Hong Kong(SEHK). This paper investigates the effects of these two schemes on A-and H-stocks; as discussed below, we find them to have become more integrated over time.
The investigation of common stochastic trends in stock markets in the literature plays an important role in both academic study and practical use. Our paper contributes to the literature in several ways. Firstly, the Efficient Market Hypothesis in Fama (1970) implies that no arbitrage of stocks from the same company can occur between stock markets. Thus the cointegration results prove that there are little long-run gains from portfolio diversification in cointegrated markets. Secondly, the market unification implied from the cointegration between A-and H-share markets with the implementation of the two schemes demonstrates the rapid development of the mainland capital market from perspectives of the scale as well as openness. Thirdly, as the Shenzhen-Hong Kong stock connect scheme is launched within one year, it is a first work to test the effects of the stock connect schemes on the two markets' co-integration.
The structure of the paper is as follows. In Section 2, we describe the data in use, the model to test and the results observed; in Section 3, a conclusion is made.
Data and Model Interpretation
The daily adjusted closing prices of A-shares, H-shares, the Shanghai A-share Index (SHA) and the Hong Kong Hang Seng Index (HSI) from November 30, 2012 to September 8, 2017 were collected from the Yahoo Finance. We convert the H-share prices to Chinese RMB prices with the daily exchange rate presented by the Pacific Exchange Rate Service, Sauder School of Business, University of British Columbia. Of the 190 companies that have issued Aand H-shares as of July 2015, 32 companies with 64 stocks have complete data prices during the sampling period. Tables 1 and 2 The tests are carried out in several steps. First, we perform the Augmented Dickey-Fuller test for the unit root, since it is the pre-requisite for the cointegration test. Secondly, we use Johansen (1988) 's method to test for cointegration. We repeat the tests for two samples. The first sample covers all days from Nov 30, 2012 to September 8, 2017. The second sample is from November 18, 2014 , the launch day of the Shanghai-Hong Kong Stock Connect Scheme, to September 8, 2017, the end of the sample. This period covers the launches of both the Shanghai-Hong Kong and Shenzhen-Hong Kong stock connection schemes.
We test for the presence of unit root on the daily prices of the A-and H-shares of each firm and the log of HSI and SHA, using the Augmented Dickey-Fuller 3 test. The model with a drift and trend term is (1)
with the null hypothesis γ c = 1 or
with the null hypothesis γ = 0, after Tsay (2010) . If the null hypothesis holds, then the time series contains a unit root. The critical value at the 0.05 significance level is -3.4145. The test results in Tables 3 and 4 ). The model is written as
where is the first-difference lag operator, Γ i and Π are (n × n) matrices, ε t is an n-dimensional white noise vector with a zero mean. The null hypothesis is that the number of cointegrating vectors is at most r, which is the rank of the matrix Π, which is H 0 : r ≤ j − 1 against H 1 : r ≥ j for j = 1, 2, 3 for trace test. For the maximal eigenvalue test, the hypothesis is H 0 : r ≤ j − 1 against H 1 : r = j. The test statistics are λ trace (r) and λ max (r), which are calculated as
with T being the number of observations andλ i being the estimated eigenvalue obtained from the Π matrix. The price series are cointegrated if the null hypothesis is rejected.
The test results for j = 1 and 2 are listed in Tables 5 and 6 . The critical value for λ trace (0) and λ max (0) at the 10% level are 37.0354 and 21.8370. The critical value for λ trace (1) and λ max (1) at the 10% level are 21.7774 and 15.7178. The two schemes allow the northbound and southbound cross border investment. From the maximal eigenvalue/trace statistics for r = 0, there are 21/22 cointegrated companies in the second sample period, when the two stock connect schemes were launched, and 18 cointegrated companies over the whole sample period. This demonstrates that cointegration was a more frequent phenomenon after the two stock connection schemes were launched.
We also use Gregory and Hansen (1996) 's method to test if the break date has occurred after Shanghai-Hong Kong and Shenzhen-Hong Kong Stock Connection Schemes were launched. There are 22 companies among the total 32 companies whose break dates are after the Shanghai-Hong Kong Stock Connection Scheme launched. The detected break dates for these companies are reported in Table 7 . It further supports that the two stock connection schemes promote the co-integration of the two markets. 
